The usual theory of X-ray diffraction assumes that the incident beam is a pure plane wave. This assumption may not be allowed if AQ ^ ß0 , where AO is an angular width of reflection by a single crystal (assuming a plane wave) and Q0 is an angle in ^-space within which the FOURIER transform of the incident wave has appreciable value. Without using a lens system, ß0 of a spherical wave of wave number K cannot be reduced to less than 1 / (K L) 1,1 at a distance L from the radiation source. Typical figures such as A 0 ~ 10 -5 , K ~ 2 ji • 10 8 cm -1 and L ~ 10 cm show that Z)@< Q0 in X-ray cases. Thus we have to consider intrinsically a diffraction theory of a spherical wave.
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Since a spherical wave can be expressed as a superposition of plane waves, wave fields in a crystal also can be expressed as a superposition of crystal waves due to plane waves which are obtained by the ordinary theory. The resultant crystal waves can be expressed as follows: Transmitted wave:
Reflected wave:
(/") = 1 and 2,
and C0«') and CgU) are amplitudes of a transmitted and reflected beam due to a plane wave expi(^r). The position vectors r and re drawn from the X-ray source denote respectively an observation point of the wavefield inside the crystal and a point on the incident surface of the crystal. Crystal wave vector £«) and vacuum wave vector & are connected by a tangential continuity condition; g is a reciprocal lattice vector. Kx and K" are x and y components of As shown in Fig. 1 , x and z axes are taken in a plane containing the g and r vectors, the z axis being parallel to , that direction of $ which satisfies the BRAGG condition exactly.
Integration with respect to Ky has been carried out by a steepest descent method. Integration with respect to Kx has been carried out by a contour integral method with ^ approximated as
and absorption effects neglected. The results are as follows:
where | ß | is a parameter proportional to the structure factor of the reflection concerned, J0 and Jt are the zeroth and first order BESSEL functions, a t0 and q t0 have the meaning shown in Fig. 1 , and y0 and yg are the cosines of the angles between the normal of the in- cident surface and ^B and + respectively. The argument can be alternatively expressed as
where P M and P N are shown in Fig. 1 . That the wave fields are confined within a wedgeshaped region between and + corresponds to the behavior of crystal waves propagating in a direction normal to the dispersion surface 1_3, 5_7 . The present theory can explain hook-shaped Pendellösung fringes 4 , which are not explainable in terms of the plane-wave theory. Since /0 and Jt are oscillating functions we can expect fringe patterns. Eq. (7) shows that equal phase contours are given by hyperbolae whose asymptotes are ^.' B and ^B + 2 TI g . Hook-shaped fringes arise at the intersection of the hyperbolae with the exit surface of the crystal.
Wave bundle considerations 1 ' 8 which are essentially the same approach as the stationary phase method 9 as pointed out by EWALD, are instructive from a physical standpoint. The fringes occur essentially due to interference between two wave bundles which correspond to the two conjugate wave points on the dispersion surface.
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